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Karyotype analysis in Allium roseum L. (Alliaceae) using fluorescent in situ
hybridization of rDNA sites and conventional stainings
1,2,

3

3

2

Arbi GUETAT *, Marcela ROSATO , Josep A. ROSSELLÓ , Mohamed BOUSSAID
Department of Biology, College of Sciences, Northern Border University, Arar, Saudi Arabia
2
Laboratory of Plant Biotechnology, National Institute of Applied Sciences and Technology, University of Carthage, Tunis, Tunisia
3
Botanical Garden, University of Valencia, Valencia, Spain
1

Received: 27.08.2014

Accepted/Published Online: 02.04.2015

Printed: 30.09.2015

Abstract: In North Africa, Allium roseum L. has been treated as a polymorphic species comprising 12 different taxa. More than 80
individuals in the Allium roseum complex were sampled from 20 populations at different localities in Tunisia and investigated
karyologically. Basic chromosome number was confirmed as x = 8. Three cytotypes, diploid (2n = 2x = 16), triploid (2n = 3x = 24), and
tetraploid (2n = 4x = 32), were found. Polyploidy was recorded for the first time for this species in Tunisia. Most of the populations were
diploid (17 populations), whereas two populations were tetraploid and only one was triploid. The chromosome set of studied populations
is nonuniform at the species level and within cytotypes. The 45S and 5S ribosomal genes (rDNA) were visualized by fluorescent in situ
hybridization for the A. roseum polyploid complex. The diploid showed three loci 45S rDNA; the triploid and tetraploid showed 9 and 12
signals, respectively. However, 5S rDNA showed 2 signals for the diploid genome and 4 signals for both triploid and tetraploid. The 45S
rDNA results showed intra- and interpopulational numerical variation. However, the data obtained with the 5S rDNA genes revealed
a highly conserved distribution of these ribosomal families in the chromosomes of individuals from each population, as well as among
the analyzed populations.
Key words: Allium roseum L., basic chromosome number, karyotype, ploidy level, fluorescent in situ hybridization, 5S and 45S rDNA

1. Introduction
The genus Allium is one of the largest world flora.
Approximately 750 Allium species can be found in the
northern hemisphere, from Europe and Asia to the shores
of the Pacific Ocean in northwestern America (Hanelt et
al., 1992; Fritsch and Friesen, 2002; Friesen et al., 2006;
Genç and Özhatay, 2014; İpek et al., 2014). Among the great
wealth of Allium species, the best known are the garden
garlic and garden onion, both cultivated for thousands of
years as edible plants worldwide. These plants have been
used for centuries for their pungency, flavoring value,
and medicinal properties, and in some parts of the world
their use also has religious connotations (Kamenetsky and
Rabinowitch, 2006).
Allium roseum L. (rosy garlic) is a species with a typical
Mediterranean distribution. It belongs to the Molium
section and includes several intraspecific taxa (Marcucci
and Tornadore, 1997). This species is represented in
North Africa by 12 taxa: 4 varieties, 4 subvarieties, and
4 forms (Cuénod, 1954; Le Floc’h, 1983). Among these,
three varieties have been reported in Tunisia (Cuénod,
* Correspondence: arbi.guetat@fst.rnu.tn
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1954): var. grandiflorum Briq. (subvar. typicum Regel and
subvar. bulbiferum Kerl.-Gawl.), var. perrotii Maire, and
var. odoratissimum (Desf.) Coss. The latter is considered
a taxon endemic to North Africa (Cuénod, 1954). The
species was used in ancient times as a vegetable, spice, or
herbal remedy (Le Floc’h, 1983). At present, rosy garlic
is used in traditional pharmacopoeias for its expectorant
properties and against rheumatism, and it is also used
sometimes as a condiment, replacing the onion (Cuénod,
1954).
A. roseum is an important medicinal and aromatic plant
of the Tunisian flora. It is widespread in southern Tunisia.
This species is an allogamous perennial spontaneous weed
(Le Floc’h and Boulos, 2005). It grows to about 30–60 cm
high (Quézel and Santa, 1963) and its flowers are pink or
white (Guetat et al., 2008). Rosy garlic is mainly found in
poor and sandy soils, in cultivated fields and fallows, and
on roadsides.
Unlike the cultivated garlic (A. sativum L.), which has
been the focus of several studies treating morphological,
agronomic, and molecular characteristics (Maaß and
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Klaas, 1995; Baghalian et al., 2006), studies on rosy
garlic are scarce. These studies are mainly dedicated to
morphological (Guetat et al., 2008, 2009b; Zammouri et
al., 2009), chemical (Najjaa et al., 2007), and karyological
aspects (Guetat et al., 2009a), and recently to molecular
identification (Guetat et al., 2010).
A. roseum L. has a chromosome number based on x
= 8. Bibliographical references show several ploidy levels
including diploid (Marcucci and Tornadore, 1997), triploid
(Marcucci et al., 1992; Marcucci and Tornadore, 1997),
tetraploid (Marcucci and Tornadore, 1997), pentaploid
(Marcucci and Tornadore, 1997), and hexaploid (Marcucci
and Tornadore, 1997).
In Tunisia, A. roseum is described as a diploid species
with basic chromosome number x = 8. However, to the
best of our knowledge, there is no report on the karyology
of this species in Tunisia. In this study, the karyotype of
A. roseum was analyzed using metaphase chromosomes
according to the Feulgen staining technique.
We applied the fluorescence in situ hybridization (FISH)
technique to reveal the number and localization of 45S and
5S rRNA genes in the studied populations. This technique
is very useful for the physical mapping of DNA sequences
due to the possibility of simultaneous detection of several
probes on the same metaphase chromosomal spread. FISH
has been used in many plants to identify chromosomes
using species-specific repetitive DNA sequences, ribosomal
genes, and even unique DNA sequences (Maluszynska and
Heslop-Harrison, 1991; Garcia et al., 2010). Many authors
have reported the physical mapping of multigene families,
such as 5S and 18S-5.8S-26S rDNA and highly repeated
DNA sequences (Rao and Guerra, 2012; Gong et al., 2013).
In some Allium species, chromosomal localization of these
multigene families was detected by FISH (Fredotović et
al., 2014). However, no information is available about the
chromosomal location of these genes in A. roseum.
In this paper, we applied FISH to several populations
of A. roseum. The specific aims of the present investigation
were, firstly, to study the number of loci in two multigene
families of ribosomal genes, 5S and 45S, in A. roseum,
and, secondly, to analyze the karyotype changes between
different populations by using 5S and 45S rDNA as probes.
2. Materials and methods
2.1. Chromosome preparation and karyotype analysis
The studied populations are mentioned by their label
number, collection site name, and GPS coordinates (Table
1; Figure 1). For chromosome preparation and karyotype
analysis, the actively growing root tips were removed from
the seedlings of the germinated seeds. They were then
pretreated with 0.002 M 8-hydroxyquinoline for 2 h at
20–25 °C and another 2 h at 4 °C. The root tips were fixed
in 3:1 ethanol and acetic acid and stored at –20 °C until

use. The root tips were washed in 10 mM citrate buffer, pH
4.6, and then macerated in a mixture of 2% (v/v) cellulase
(Calbiochem) in citrate buffer, pH 4.6, and 20% pectinase
(from Aspergillus niger) in 40% glycerol in 10 mM citrate
buffer, pH 4.6, for 1 h at 37 °C.
For chromosome counts and karyotype determination,
root tips were hydrolyzed for 10–12 min in 1 N HCl at
60 °C, and then washed and stained in Feulgen solution
for 2 h in the dark. Stained meristems were squashed in a
drop of 45% acetic acid and a drop of aceto-carmine (4%).
Photomicrographs of well-spread metaphases were taken
with an Olympus Camedia C-2000-Z digital camera and
processed with Adobe Photoshop 7.0.
Chromosome counts and measurements were made
from three well-spread metaphases originating from
three different individuals per population by direct
observation and from photomicrographs. Chromosome
measurements were made from digital images using
MicroMeasure 3.2 (http://www.colostate.edu/Depts/
Biology/MicroMeasure). For each metaphase plate, the
lengths of the short and long chromosome arms were
expressed as relative values (haploid chromosome set =
100%). For centromere position, the nomenclature of
Levan et al. (1964) was adopted.
Two indexes were used: arm ratio (a.r.) and
centromeric index (c.i.). For the centromere position, the
adopted nomenclature was as follows: m- metacentric
chromosomes, sm- submetacentric chromosomes, and stsubtelocentric chromosomes.
2.2 Probe labeling of 5S and 45S rRNA genes and FISH
The two multigene families of rDNA were localized
with two different DNA probes. Clone pTa71 is a 9-kb
EcoRI fragment containing the rDNA 5.8S, 18S, and
26S genes and internally transcribed spacers and the
intergenic spacer from Triticum aestivum (Gerlach and
Bedbrook, 1979). The 5S rDNA was localized using
clone pTa794, a 410-bp BamHI fragment of the 5S gene
from Triticum aestivum (Gerlach and Dyer, 1980). Both
groups of clones were provided by Trude Schwarzacher
(University of Leicester, UK). pTa794 was amplified with
the specific primers M13, forward and reverse; the PCR
product was purified using Montage PCR centrifugal filter
devices (Millipore). The pTa71 and pTa794 probes were
labeled with either digoxigenin-11dUTP or biotin-16dUTP by nick translation, based on the protocols of the
manufacturer (Roche, Germany).
FISH was carried out according to Chiavarino et al.
(2000) with some modifications (Rosato et al., 2008).
Pretreatment of chromosome preparations involved
incubation with RNase A (1 mg/mL) in 2X SSC for 1 h
at 37 °C; afterwards, the slides were rinsed three times
for 5 min in 2X SSC. Subsequently, the slides were
fixed in 4% paraformaldehyde in 1X SSC for 10 min
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Table 1. Sampling localities of the studied populations of Allium roseum from Tunisia: geographical coordinates, altitude, bioclimatic
zones, and chromosome number (the number of individuals analyzed for each population is given in parentheses).
Code

Population

Bioclimatic zone*

Lat. (N)

Long. (E)

Altitude (m)

Chromosome number

1

Elfrid

ACW

8.0726

34.4835

513

16 (3)

2

Kamour

S

9.6563

32.5368

298

16 (3)

3

Kamour Elgaraà

S

9.6216

32.2567

275

16 (4)

4

Tieret

S

10.1570

30.9683

387

16 (5)

5

Elmenzla

S

10.5058

31.7721

425

16 (4)

6

Borj Bourguiba

S

9.9230

32.2028

345

16 (5)

7

Sidi Lefi

ACW

9.7940

35.1626

250

16 (5)

8

Touila

ACW

9.4051

35.0074

359

16 (4)

9

Skhira

ASW

10.1216

34.3598

20

16 (3)

10

Samaeillette

ASW

10.9240

33.2875

12

16 (5)

11

Lemaya

ACW

10.1626

35.0271

112

32 (5)

12

El Baten

ACW

9.9962

35.6994

55

16 (5)

13

Haddej

ACW

9.4525

34.4050

126

16 (4)

14

El Fjèe

ACW

10.6421

33.5000

5

16 (3)

15

Chgeig Elkhoui

ACW

10.8899

32.6428

276

16 (4)

16

Henchir snoussi

ASW

9.8423

34.1370

61

16 (3)

17

Bir Ali

ASW

10.1218

34.6303

141

24 (4)

18

Sidi Bouali

SASW

10.6695

35.3618

37

32 (5)

19

Oued Dekouk

ACW

10.3008

32.6050

292

16 (3)

20

Elgerine

ASW

10.5530

33.6201

8

16 (4)

*The bioclimatic zones are defined according to the pluviothermic coefficient Q2 = 2000*P/(M2 – m2), where P is the yearly average in
mm of the pluviometry, M is the average of the most elevated temperatures of the hottest month, and m is the average of the lowest
temperature of the coldest month.
ASW: Arid at soft winter, SASW: semiarid at soft winter, ACW: arid at cool winter, and S: Saharan.

at room temperature, washed three times for 5 min in
2X SSC, dehydrated in an ethanol series (ethanol 75%,
ethanol 95%, and ethanol 100%) for 3 min, and then airdried. Chromosome denaturation was performed with
formamide (70%) in 2X SSC at 68 °C for 2 min, followed
by dehydration through an ice-cold ethanol series and airdrying.
The hybridization solution, containing 25 ng/µL of
each labeled probe (45S rDNA and 5S rDNA), was left in
boiling water for 10 min and was then quenched on ice
for 7 min. A total of 15 µL of this solution was placed
on each slide (under the coverslip) and left overnight in
a humid chamber at 37 °C. Posthybridization washes of
the preparations were done twice for 2 min at 42 °C in 2X
SSC, twice for 5 min at 42 °C in 0.1X SSC, and three times
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for 3 min at 42 °C in 2X SSC. Digoxigenin-labeled probe
detection was performed with antidigoxigenin antibodies
conjugated to fluorescein isothiocyanate (Roche). Biotinlabeled probe detection was performed with streptavidin,
conjugated with Texas Red (Vector Laboratories). After
detection, the slides were rinsed twice for 5 min at 37
°C and once at room temperature in detection buffer
[4X SSC, 0.2% (v/v) Tween 20]. Finally, the slides were
counterstained with DAPI (1 µg/mL) and mounted
in Vectashield (Vector Laboratories). Hybridization
signals were analyzed using an epifluorescence Olympus
microscope with an appropriate filter set, equipped with an
Olympus Camedia C-2000-Z digital camera. The images
were optimized for best contrast and brightness by image
processing software (Adobe Photoshop 7.0).
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LIBYA

Isohyets
Populations
Large cities
Figure 1. Bioclimatic regions’ distribution of the studied A. roseum populations (code
shown in Table 1).

3. Results
3.1. Ploidy level and karyotype analysis
The chromosome numbers obtained and the number of
individuals examined are listed in Table 2.
Figures 2 and 3 show metaphase chromosomes of root
tip meristematic cells of A. roseum.
Ploidy level variation in Tunisia is reported here for the
first time; no mixoploid populations were described. In
total, 85 individuals from 20 populations were examined,
of which 70 were diploids (2n = 16), 10 tetraploids (2n =
32), and 5 triploids (2n = 24), based on x = 8. Populations

Sidi Bouali (18) and Lemya (11) are tetraploids, whereas
only one population is triploid (17 - Bir Ali).
The data in Table 2 indicate that different populations of
A. roseum differ in their value of total haploid chromosome
length (HCL). This value varies from 172 µm (population
6) to 106 µm (population 14).
For karyotype analysis, we found that the arm ratio
of one pair of chromosomes in diploids and two pairs in
tetraploids exceeded 2.0, indicating intrachromosomal
asymmetry in A. roseum. In contrast, two pairs of
chromosomes (7 and 8) exceeded this critical value for
population 13 (triploid).
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Table 2. A- Karyotype features of the investigated A. roseum populations. AsI (%) = asymmetry index, R = longest pair/shortest pair
ratio, HCL (µm) = total haploid chromosome length. B- Numerical FISH variation of 45S rDNA signal and 5S rDNA signal for the 20
investigated A. roseum populations.
A

B

Pop.

2n

R

Chromosome set

HCL

45S rDNA signal

5S rDNA signal

1

16

7.69

6m; 1sm-m; 1st

122.71 (± 3.01)

6

2

2

16

5.46

7 m; 1st

125.35 (± 10.47)

6

2

3

16

6.98

5m; 2sm-m; 1st

123.63 (± 10.45)

6

2

4

16

9.48

7m; 1 st

148.57 (± 3.62)

6

2

5

16

9.91

7m; 1st

172.53 (± 1.63)

6

2

6

16

10.41

6m; 1sm-m; 1sm

144.57 (± 5.84)

6

2

7

16

8.26

7m; 1st

125.52 (± 3.85)

6

2

8

16

7.50

7m; 1st

123.11 (± 3.60)

5

2

9

16

5.07

7m; 1st

141.48 (± 2.41)

6

2

10

16

6.31

7m; 1st

109.01 (± 4.69)

6

2

11

32

3.54

7m; 1 sm

131.46 (± 7.45)

12

4

12

16

6.76

6m; 1sm-m; 1st

106.31 (± 6.53)

6

2

13

16

6.02

7m; 1st

142.68 (± 3.44)

6

2

14

16

6.74

6m; 1sm-m; 1st

127.54 (± 5.67)

6

2

15

16

7.08

7m; 1st

135.72 (± 9.45)

6

2

16

16

7.76

7m; 1st

123.39 (± 4.35)

6

2

17

24

12.99

6m; 2st

125.04 (± 8.78)

9

4

18

32

8.95

6m; 1sm; 1st

144.56 (± 10.12)

12

4

19

16

6.42

7m; 1st

113.04 (± 2.45)

6

2

20

16

3.05

7m; 1 sm

148.16 (± 6.44)

6

2

As shown in Table 2, the chromosome set of the studied
populations is nonuniform, even within the same ploidy
level. However, the karyotypes of the diploid plants belong
to 4 types (Figures 4a–4e):
n = x = 7 m + 1 st: populations 2, 4, 5, 6, 8, 10, 11, 12,
15, 18, 20, and 21;
n = x = 6 m + 1 sm-m + 1 st: populations 1, 7, 14, and
16;
n = x = 6 m + 1 sm + 1 st: population 9;
n = x = 5 m + 2 sm-m + 1 st: population 3.
The karyotypes of the tetraploid plants belong to two
types: population 18, Sidi Bouali, is formulated as n = x
= 6 m + 1 sm + 1 st; however, population 11, Lemaya, is
formulated as n = x = 7 m + 1 t. The only triploid population
(population 17) presented the same karyotype with one
subtelocentric pair of chromosomes; however, it presented
a karyotype formulated as n = x = 7 m + 1 st (Figure 4e).
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The species shows a chromosome complement
of metacentric, submetacentric, and subtelocentric
chromosomes. A. roseum karyotypes show 3 long
chromosome pairs (19–23 µm), 4 chromosome pairs
with medium size (12–17 µm), and only one shorter
chromosome pair (less than 10 µm), which can be easily
distinguished from the other chromosomes.
3.2. Chromosomal localization and numerical variation
of the 5S and 45S rDNA gene loci in A. roseum L.
Figures 5a–5e show metaphase chromosomes whose rDNA
sites were localized by FISH. The diploid populations show
six 45S rDNA hybridization signals for 16 populations (3
loci), and only five signals for population 8, Touila (Table
2; Figures 5a and 5b). A single locus of 5S rDNA genes
was observed for diploid genome (17 populations). Thus,
the number of hybridization signals in the chromosome
complement in the tetraploid was exactly double the
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a

10 µm

b

10 µm

c

10 µm

d

e

10 µm

f

10 µm

10 µm

Figure 2. Metaphase chromosomes in root tip cells of A. roseum populations: a) 10, Samaeillette population (2n
= 16); b) 9, Skhira population (2n = 16); c) 13, Haddej population (2n = 16); d) 19, Oued Dekouk population
(2n = 16); e) 14, El Fjèe population (2n = 15, incomplete metaphase); f) 7, Sidi Lefi population (2n = 16).

number in the diploid for populations 11 (Lemaya) and 18
(Sidi Bouali) (twelve 45S rDNA signals and four 5S rDNA
signals) (Figures 5a and 5b). Triploid population 17 (Bir
Ali) shows nine 45S signals and four 5S signals (Figure 5c).

The localization of 45S rDNA signals is terminal at
the metacentric or submetacentric chromosomes (Figure
5). However, for the 5S rRNA multigene family, the FISH
signals are interstitial at metacentric or submetacentric
chromosomes (Figure 5e).
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a

10 µm

b

10 µm

c

10 µm

d

10 µm

Figure 3. Metaphase chromosomes in root tip cells of A. roseum populations: a, b) 17, Bir Ali
population (2n = 3x = 24); c, d) 18, Sidi Bouali population (2n = 4x = 32). Scale bar = 5 µm.

4. Discussion
The majority of Tunisian A. roseum populations were
diploid (17 populations), whereas two were tetraploid and
only one was triploid. Other ploidy levels or aneuploid
plants were not detected in this area. The triploid and
tetraploid chromosome numbers have not been previously
recognized in Tunisia, where only diploid plants have been
described.
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In the Mediterranean area, previous studies corroborate
our results, and A. roseum has a basic chromosome
number of x = 8. These studies show ploidy levels ranging
from diploid to hexaploid (Marcucci et al., 1992; Marcucci
and Tornadore, 1997).
According to Marcucci and Tornadore (1997), the
diploid cytotype is not very common in the Italian
populations of the species. It has been found in plants
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b

a

d

c

1

2

3

4

5

6

7

6

7

8

e

1

2

3

4

5

8

f

Figure 4. Idiograms of A. roseum studied populations: a, b, c, d) diploid populations
2n = 16 with different centromere positions; e) triploid population 2n = 3x = 24;
f) tetraploid populations 2n = 4x = 32. Scale bar = 10 µm.

mostly present on the islands. However, in Tunisian
populations the diploids are more frequent (17 of 20
studied populations). At the infraspecific level, var.
odoratissimum has the widest distribution in Tunisia,
especially in the southern part of the country. In this
regard, the most frequent cytotype (diploid) belongs
to var. odoratissimum. The particularity of this variety
was demonstrated chemically with the presence of a
specific sulfur compound, methional (Najjaa et al., 2007).
According to Guetat et al. (2010), on the basis of three

chloroplastic regions’ sequence data, the most frequent
haplotype (CpA) belongs to var. odoratissimum.
However, the tetraploid cytotype is found only in
a few individuals, all from population 18, Sidi Bouali.
As shown in Figure 6, this population can be separated
morphologically, without difficulty, from the other
populations (Figure 6). Population 18, Sidi Bouali, is
vegetatively more vigorous than the other populations. In
addition, it is characterized by pinkish flowers, air bulblets
(topsets), and wilting sterile flowers.
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10 µm

a

10 µm

c

10 µm

10 µm

b

10 µm

d

e

Figure 5. Chromosomal localization and numerical variation of the 5S and 45S rDNA genes
in A. roseum. Diploid populations with numerical 45S rDNA signal variation: 6 signals (a) and
5 signals (b). Metacentric and submetacentric chromosomes display FISH green signals at their
ends for 45S gene (a, b). 5S rDNA gene red signals are at the interstitial position in the short arm
of submetacentric chromosome: (d) and (e) (incomplete metaphase). (c) Triploid population
(population 17, Bir Ali) showed 9 signals of 45S rDNA and 4 signals of 5S rDNA. (d) Tetraploid
population (population 18, Sidi Bouali) showed 12 signals of 45S rDNA and 4 signals of 5S rDNA.
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a

b

5 cm
c

d
WSF

4 mm
Figure 6. a, b): Inflorescences of A. roseum with white flowers (population 19, Oued Dekouk) and pinkish flowers
(population 18, Sidi Bouali). c, d): Air bulblets (topsets) characterizing population of 18, Sidi Bouali. WSF: Wilting
sterile flower.

Tetraploid plants originating from Sidi Bouali are
distinguishable morphologically from the diploid of the
different populations, suggesting that the tetraploids
may be individuals that spontaneously occur through
autopolyploidy (Figure 6).
A. roseum reveals an infertile complex of cytotypes
with a different ploidy level (Marcucci and Tornadore,
1997). This implies that the triploid population (17, Bir
Ali) could have originated through hybridization between
tetraploid and diploid plants. Insofar as no mixoploid
populations were found, the close proximity of some
populations suggested the possibility of genetic exchange.
However, the triploid population (17, Bir Ali) is located
in an intermediate position between diploid and tetraploid
populations.
The most representative karyotype of A. roseum seems
to be formulated as n = 7m + 1 st (11 of 20 investigated
populations exhibit this idiogram type, as seen in
Table 2). One possibility is that this modal karyotype
produced several rearrangements in rosy garlic, and the
modification of the karyotype was accelerated by the sexual
reproduction modality of this species. The karyotypes

of the species reported in this work were described
previously. However, Marcucci and Tornadore (1997)
showed the tetraploid karyotype to be an exact duplication
of the diploid. The persistence of the only subtelocentric
chromosome (when considering haploid chromosome
number) can be confirmed in the different ploidy levels.
Habitat diversification, vegetative propagation, and
polyploidization can well explain the mechanisms of
karyotype differentiation (Ao, 2008).
Our results show the absence of telocentric
chromosomes. Moreover, telocentric chromosomes are
not very common in the genus and are present only in
species with a basic number higher than x = 7 (Ao, 2008).
Nonetheless, telocentric chromosomes are indeed found in
A. roseum (Johnston, 1982; Marcucci and Tornadore, 1997)
and in some other Allium species, such as A. erdelii Zucc.,
which also has a basic chromosome number of x = 8.
FISH data concerning the number of nuclear ribosomal
loci in A. roseum are reported here for the first time.
In the present study, it was shown that the A. roseum
diploid genomes have three 45S rDNA loci each, all of
which were present in the terminal region of chromosomes.
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However, polyploid populations, such as 18 (Sidi Bouali)
and 11 (Lemaya) (tetraploid), had 12 signals, and 17 (Bir
Ali) (triploid) had only 9 signals. Numerical variation
was detected for the diploid populations. However, for
population 8, Touila, only 5 FISH signals were detected,
whereas 6 signals were recorded for the other populations.
According to this study, many karyotype features
responsible for cytogenetic variability were detected in
the rosy garlic complex, including HCL values and ploidy
levels, among individuals within and between populations.
One locus for 5S rDNA was observed in the interstitial
region of the short arm of metacentric chromosomes. The
number of sites of 5S rDNA in A. roseum varied from 2
(for diploid) to 4 (for the other ploidy levels). Previous
studies have shown that A. cepa L., A. fistulosum L., A.
schoenoprasum L., and A. wakegi Araki had only two 5S
rDNA loci (Shibata and Hizume, 2002).
According to Frello and Heslop-Harrison (2000), the
number of 5S and 45S rDNA loci can vary exceptionally
within a single species, as shown in Crocus vernus L.
(Iridaceae). Nevertheless, the number of 5S or 45S rDNA
sites is generally larger in tetraploids than in related
diploids (Frello and Heslop-Harrison, 2000). Previous
studies on Rhynchospora (Cyperaceae) showed that the
number of 45S rDNA site pairs varied from two to four
among diploids, and from four to 15 among polyploids
(Vanzela et al., 1996). Therefore, in general, polyploids

have a higher average number of rDNA sites (mainly 45S
rDNA) than diploids (De Melo and Guerra, 2003).
The number and chromosome position of 5S rDNA
loci, as well as those of 45S rDNA loci, may vary among
closely related plant species (Chung et al., 2008). In the
genus Aloe (Xanthorrhoeaceae), Adams et al. (2000) found
a correspondence between the number of 5S rDNA sites
and the ploidy level of several species. Diploid species
displayed two 5S rDNA sites, tetraploids four sites, and
hexaploids six sites. A similar correspondence was found
in Saccharum (Poaceae; D’Hont et al., 1998). However,
more often this relationship has not been observed, mainly
because the number of rDNA sites may vary among diploid
species. In the genus Paspalum (Poaceae), FISH analysis
of 5S rDNA sites showed the same localization and a
correspondence between the number of sites and ploidy
levels. In contrast, the distribution of 45S rDNA sites was
variable (Vaio et al., 2005).
Our results showed that 45S rDNA and 5S rDNA loci
are localized on different chromosomes. This contradicts
the eventual proximity of 5S and 45S rDNA sites in the
same chromosome, observed as a derivative characteristic
in Allium itself (Fredotović et al., 2014), Hypochaeris
(Asteraceae; Cerbah et al., 1998), Clivia (Amaryllidaceae;
Ran et al., 2001) and several other genera (Vaio et al.,
2005; Garcia et al., 2010; Rao and Guerra, 2012; Gong et
al., 2013).
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